Introduction: Identification is one of the challenging aspects of forensic sciences. Despite the numerous anthropological researches on the scapula, there is a notable lack of information concerning the scapular growth. Aim of the work: Aim of the work was to analyze the growth of the scapula by means of thirteen measurements commonly used for assessment among a sample of young aged Egyptian population, in order to evaluate their significance and capacity for age and sex determination during bone development using reconstructed CT images. Subjects and methods: The study was conducted on 162 Egyptian patients (83 males and 79 females), ranging from birth to 25 years of age, referred to the Radiodiagnosis and Intervention Department, Faculty of Medicine, Alexandria University for Multidetector Computed Tomography (MDCT) of the chest. Thirteen measurements were selected on the scapula and were subjected to statistical analysis. Results: A significant positive correlation was detected between the measured scapular variables and the age. Significant sexual dimorphism was identified in four of the scapular measurements in the youngest age group. However, significant differences between the sexes appeared after the cessation of growth in girls, where a large number of variables (the scapular length, breadth, maximum length of the spine, supra and infra scapular height, maximum length of the glenoid mass, thickness of the lateral border, as well as the glenoid, supra-infrascapular indices) were sexually dimorphic.
Introduction
Identification is one of the most challenging aspects of forensic sciences especially in cases where skeletal remains and dismembered or mutilated body parts are recovered and brought for examination. Therefore, it is vital to estimate age, sex, stature as well as ethnic background in order to establish the biological profile of the remains. [1] [2] [3] The estimation of age at death in a skeletal collection of immature individuals as well as the determination of sex is quite important during the identity defining stage. The reliability of sex determination depends on the completeness of the remains and the degree of sexual dimorphism inherent in the population. 4 Methods of age estimation in infants and juveniles either living or dead rely on the degree of skeletal development (length of the diaphysis of long bones of limbs, the closure of epiphyses and the fusion of the primary ossification centers) in addition to dental eruption. Based on the biological (skeletal) age of the individual at the time of death, these methods provide a specific age range derived from the degree of skeletal maturation and growth. 5, 6 Though there is an ongoing debate about whether or not we are able to differentiate between females and males before puberty, there is a general agreement that there are indeed differences between the two sexes before the adolescent growth spurt. However, this sexual dimorphism is minor when compared to adults and therefore it will be more difficult to conclude the sex of younger individuals. 7, 8 To obtain an age at death, it is essential to understand the normal pattern of growth and maturation of every skeletal element and to develop their respective growth models. 9 Many previous studies have been attempted to focus on postnatal ontogeny of bones (from birth to adult age) in order to determine age and sex. These studies have been carried out on the sacrum, 10 femur, 11 tibia, 12 scapula 13 and innominate. [14] [15] [16] [17] Despite these numerous studies, there is a serious lack of information regarding the development of many bones of the human skeleton based on metric measurements in the Egyptian population.
The scapula forms the posterior part of the shoulder girdle. It is a large, flat triangular bone, with costal and dorsal surfaces, three borders (superior, axillary and vertebral), three angles (medial, inferior and lateral) and three processes, the spine, its continuation the acromion and the coracoid process. 18 The cartilaginous scapula is ossified from seven or more centers. At birth, the body and the spine are already ossified, but not the coracoid process, glenoid, acromion, vertebral border or inferior angle. The coracoid process has two and occasionally three centers of ossification. The first center appears during the first year of life in the center of the coracoid process. The second ossification center appears at approximately 10 years of age at the base of the coracoid process. This second ossification nucleus also contributes to the formation of the superior portion of the glenoid cavity. The two centers unite with the scapula at 15 years of age. A third center can appear at the tip of the coracoid process during puberty and occasionally fail to fuse with the coracoid. 19 The acromion has two ossification centers (may be three) as well. These centers arise during puberty and fuse together at the age of 22 years. The glenoid fossa has two ossification centers; the first appears at the base of the coracoid process at 10 years and fuses around 15 years of age. It also contributes to the superior portion of the glenoid cavity and the base of the coracoid process, while, the second horse shoe-shaped center arises from the inferior portion of the glenoid during puberty, and it forms the lower three fourths of the glenoid. The vertebral border and the inferior angle of the scapula have one ossification center each, both of which appear at puberty and fuse at 22 years of age. 19 In recent years, forensic radiology has experienced intensive and rapid progress that is supported by the development of clinical radiology. 20 Virtual anthropology (VA) is best characterized as a multidisciplinary approach to study anatomical data representations in 3D. It is a fundamental tool for anthropological analysis, which allows researchers to deal with problems that could not be solved using traditional anthropological approaches without compromising the integrity of the physical remains. 21 Since studies conducted on immature bones are scanty with some even outdated, the purpose of this study is to analyze the changes that accompany the postnatal growth of the scapula by means of well-known thirteen measurements commonly used for assessment among a sample of the Egyptian population of a young age range, evaluating their significance and capacity for age and sex determination during bone development using reconstructed CT images.
Subjects and methods

Subjects
The current study enrolled 162 Egyptian patients (83 males and 79 females), who were referred to the Radiodiagnosis and Intervention Department, Faculty of Medicine, Alexandria University for Multidetector Computed Tomography (MDCT) of the chest as part of their clinical workup other than anthropological.
Detailed biographic data including name and date of birth were obtained from every patient.
In order to cover the entire growth period of the scapula up to its whole fusion, the studied individuals were designated in the age range from zero to 25 years, where measurements were executed on the left scapula.
The following exclusion criteria were applied to ensure normal bone evaluation including skeletal immaturity, scapular fractures and pathological lesions such as congenital developmental dysplasia, metabolic bone diseases, surgery or tumors.
MDCT protocol for image acquisition
CT studies were performed using a 16-detector CT scanner (Bright Speed; GE Medical Systems) in Alexandria University Hospital. Scanning along the axial plane of the entire left scapula as part of the chest protocol was performed using the following parameters: 120 kVp, the mAs has been adjusted to the body weight of the child: ranging from 20 to 100, a helical pitch of 1:375, 0.5 s scan time, 16 · 1.25 mm detector configuration, 13.75 s total exposure time, 1.25 mm helical slice thickness, and 0.612 mm reconstruction interval with a large field of view (FOV). The images were reconstructed using a bone algorithm. The protocol used for scan acquisitions was identical for all patients to avoid technical variations in length and volume measurements.
Reconstruction and post-processing considerations
1-Two-dimensional reconstruction
Multi-planar reformatted (MPR) images were obtained in both sagittal and coronal planes through the entire left scapula with a section thickness of 1.2 mm, and a section reconstruction interval of 1.0 mm, where maximum intensity projection (MIP) was performed to visualize the length of whole spine, the acromial width as well as scapular width and length which was again divided into supra-and infra-scapular portions.
Three-dimensional reconstruction
Three-dimensional (3D) CT images were obtained using 3D volume rendering technique. 3D reconstruction image of the entire left scapula was performed using The Volume Viewer 3.1 which enables fast volumetric review of CT datasets. This software creates a 3D volume of slice data that are displayed automatically as volume-rendered (VR) view, and the measurements were recalibrated, while further measurements such as the glenoid fossa height and width were calculated.
The same radiologist performed all measurements adopting the same scheme to avoid variation in measurement acquisition.
Two-and three-dimensional models of the left scapula were reconstructed in each subject and the thirteen measurements agreed upon to be used in the determination of scapular maturation were assessed in both models respectively and the average of the measurements were then taken into consideration to ensure exclusion of reader's variability in data collection.
Definitions of the measurements
All the measurements on virtual skeletons were obtained in centimeters.
(1) Maximum scapular length (height): Maximum distance between the highest point of the superior angle and the lowest point of the inferior angle. 22 (2) Scapular breadth (width): From the middle of the dorsal border of the glenoid fossa to the end of the spinal axis on the vertebral border. 22 (3) Maximum length of the spine: From the medial margin of the scapula at the spinous axis to the most lateral point on the scapular spine. 22 (4) Maximum acromion width: Distance between the most superior and the inferior point of the acromion process (the axis of this measurement varies from individual to individual). 23 (5) Glenoid cavity height: Maximum distance from the superior margin of the glenoid prominence to the inferior margin of the glenoid prominence. 24 (6) Glenoid cavity breadth: Maximum distance across glenoid cavity measured perpendicularly to axis of glenoid cavity height. 24 (7) Maximum length of the glenoid mass: The distance between the superior border of the articulation site for the coracoid process and the inferior border of the glenoid surface. 13 (8) The suprascapular height: The distance between the point at which the axis of the spine intersects the medial border of the scapula to the superior angle. 13 (9) The infrascapular height: The distance between the point at which the axis of the spine intersects the medial border of the scapula to the inferior angle. 13 (10) Thickness of the lateral border: Thickness of the border at the midpoint between the inferior margin of the glenoid prominence and the inferior angle. The measurement should be taken perpendicular to the scapular body. 22 (11) The scapular index: It is the percentage ratio between scapular width and the scapular length. (12) Glenoid index: It is the percentage ratio between the Glenoid cavity breadth and the Glenoid cavity height. (13) Supra-infra scapular index: It is the percentage ratio between supra scapular and infrascapular heights.
The measurements used in the present study are illustrated in Figs 
Statistical analysis
The sample was divided using 2 year intervals to study the active growth period.
The collected data were analyzed using Statistical Package for Social Sciences (SPSS version 20) software.
The means, standard deviations and standard errors for each scapular variable in each age group were calculated. Student's t-test was applied to each age category in order to attain an initial approximation of sexual dimorphism for any variable. The level of significance was set at p value 6 0.05. In addition the 95% confidence interval of the mean values was computed. Kruskal-Wallis Test (nonparametric tests algorithms) was used to compare different age groups as regards the growth pattern of the scapula. The analysis of the growth behavior of each of the variables of the two sexual series was performed using the first-degree polynomial regression treating age as continuous. The best statistical model was selected on the basis of three factors: 1. The strength of the correlation coefficient (R 2 ) 2. The significance of the function expressed by the F value 3. The significance of the coefficients of the function obtained by the ANOVA test. To predict age from the variables, the backward liner regression analysis was performed in which individual variables were considered as independent variables and the age was the dependent variable. Equations were calculated for both sexes separately after the age of sixteen years, but in the individuals below the age of 16 years calculus was applied to the whole data (males and females together). This latter case is helpful in the application of the results in archeological and anthropological remains when the sex is unknown.
Results
Age and sex distribution of the studied subjects are shown in Table 1 . All the studied variables showed significant differences between different age groups ( Table 2) .
To estimate if the individual is still growing (growth spurt) or not (slow growth pattern in adult) the growth behavior of four selected measurements were studied by a curve (Fig. 4 ). 16 years of age was chosen, as the growth of the analyzed variables starts to slow down.
However, the increase in the growth of all variables continues until 25 years of age for both males and females. The biggest growth was noted in the age group of 10-14 years and continued until 16 years indicating the presence of the growth spurt. Table 3 represents descriptive statistics of the measured scapular variables classified according to each age group and sex; regarding the mean, standard deviation, standard errors and 95% confidence interval for the mean. Sexual difference by Student's t-test was applied to each age group. Table 4 illustrates that a significant positive correlation was present between the measured scapular variables and the age.
However, the glenoid index, glenoid cavity breadth, scapular breadth, maximum acromion breadth, maximum scapular length and the maximum length of the glenoid mass revealed very strong positive correlation with age, with r > 0.90.
For the sake of clarity, the variables were discussed separately as follows:
Maximum scapular length and breadth
In the age below 6 years, the female maximum scapular length exceeded the male value, yet the difference was not statistically significant. Starting from 6 years, the male and female values were very close but still the males showed higher mean values. From 12 years onward, a significant difference was noticed between both sexes (Table 3 and Fig. 5 ). The explained variability was 84% for sub-adult group, 54% and 57% for adult males and females, respectively (Tables 5 and 6 ).
The beginning of the growth spurt for scapular length dimension was at shortly after 10 years of age in females (12-15 years) and delayed in males (16-20 years) . Given the present data, it was not possible to be more precise ( Fig. 5 ).
As regards the scapular breadth, females had larger mean values than males in the age groups below 4 years ( Table 3 ). In the fitted curve ( Fig. 6) , the values of males and females were close to each other, the gap between the two curves became smaller as age increased, but still the male values were higher than those of females, with statistically significant differences at the age of 16 years onward.
On the other hand, the value of the scapular index reached its peak at the age groups 12-14 years, and then started to decrease, due to the fast rate of growth of scapular breadth than scapular height ( Table 2) . Fig. 7 demonstrates that below 12 years of age, the value of the male scapular index was slightly greater than that of female, then starting from 12 years to 16 years approximately, the female value exceeded the male value; this could be explained by the accelerated growth of the scapular width of females more than the scapular height while in males, the growth of scapular height was more prominent than the breadth, which gave a relatively small scapular index. However, no significant differences were detected between males and females (Table 3) . 
Measurements of the spine (maximum length of the spine and maximum acromion width)
Length of the spine increased markedly in different age groups ( Table 2 ). In males, the peak of rapid growth of the spine length was from 14 years to 19 years (Fig. 8 ). The explained variability was 83% at age below 16 years, while in adult males and females it was 43% and 44% respectively ( Tables 5 and 6 ). The female averages concerning the maximum length of the spine and maximum acromion width were greater than male in the age groups below 4 years, with a statistically significant difference in the age group less than 2 years age, with p < 0.05 ( Table 3) .
The rate of growth of the acromion width was faster until 14 years of age; then the rate of growth pattern slowed until 25 years of age in both males and females ( Table 2 and Fig. 9 ).
Glenoid region
Glenoid cavity height, breadth, and glenoid mass increased until 25 years of age in both males and females ( Table 3) .
The rate of growth of the glenoid cavity height was similar in both sexes starting from 15 years to 25 years. Overlap was noticed between the two curves ( Fig. 10) .
The averages of the glenoid cavity length in females were higher than in males in the age below 6 years ( Table 3 ).
Significant differences were noticed between male and female glenoid cavity length in the age groups (12-<14 years and 14 to less than 16 years) ( Table 3 ). Fig. 11 shows the growth behavior of the glenoid cavity breadth; female values became more or less stabilized after age 10 years. No sexual differences detected between both sexes ( Table 3) .
The glenoid index displayed variation in growth; it decreased for the first time in the age group 4-12 years and the second time from 16 to 25 years ( Table 2) .
Growth of glenoid index expressed by first-degree polynomial in both sexes (Fig. 12 ) revealed that the feminine average was more than masculine below the age of 8 years indicating a rapid growth of the glenoid cavity breadth in females than glenoid height at young age. Starting from that age onward, masculine glenoid index coincided and then exceeded the female values at adult age.
The length of the glenoid mass increased obviously at the age of puberty by growth of bone and fusion of the coracoid process with the scapular body, a similar growth pattern with an overlap was noted in both sexes (Fig. 13 ). The variability expressed was 86% for the maximum length of the glenoid mass in sub-adult group (less than 16 years old), while this value dropped in adult group (Tables 5 and 6 ).
The suprascapular, infrascapular height and the suprainfrascapular index
The suprascapular height in females exceeded that in males at the ages 0-4 years, and again around the age of puberty in females (12-16 years) ( Fig. 14) . A statistically significant difference was revealed between both sexes in the age groups: <2 years, 16 to less than 18 years, and 22-25 years ( Table 3) .
On the other hand, the growth of the infrascapular height in females was noticeably greater than that of males at the age below 4 years, with statistically significant difference of p < 0.05. Table 3 then acceleration of the growth of this variable in males exceeded that in females with a significant difference in the age groups 16-<18 years and 18 to less than 20 years (Fig. 15 ).
In addition, the age of 12-16 years represented the peak of supra-infra scapular index values (0.68, 0.76). A statistically significant difference between both sexes was recorded in the age groups from 14 to less than 20 years (Table 3 and Fig. 16 ). Fig. 17 reveals that the average in both sexes were very close, with a significant difference detected in the age group 16-<18 years (Table 3 ). 
Thickness of the lateral border
Age estimation from the scapula
The rate of growth for the measurements of the scapula was useful for estimating the age in sub-adults using regression equations of the absolute measurements of the scapula.
3.6.1. Age estimation of sub-adult Egyptians ( After 16 years of age and with the development of sexual dimorphism, separate equations were calculated for each sex; the accuracies obtained from the different variables were lower in males than in females, except that of the scapular index. For age estimation in adult males, the regression equations applied to the thickness of the lateral border, maximum length of the glenoid mass and the suprascapular height yielded the highest accuracies (66.3%, 65.2% and 65%, respectively), with SEE of 2.068, 2.221 and 2.648 correspondingly while in females, the glenoid cavity width, maximum length of the glenoid mass and the maximum acromion width offered the highest equation accuracies (84%, 81.6% and 80.9%, respectively).
The equations that detected age from the maximum acromion width had the highest values of SEE in males (3.109) years and in females (3.084 years) while, the regression equations using the scapular index produced the lowest SEE 1.257 in adult males and 1.257 in adult females.
Discussion
In forensic sciences to determine one's sex is quite important during the identity defining stage, in addition, the ability to assign accurate age estimates to cadavers, human remains or living individual is becoming an increasingly important element of forensic practice. 25 In the last decade, there has been a growing trend toward computerized or virtual methodologies. 26 CT scan is the most accurate radiographic technique for the study of bone morphometry. In addition, a skeletal measurement method based on CT scan images could be standardized because the anatomical landmarks are easy to locate. Notably CT has become an important adjunct to autopsy. The main advantages of CT are the non-invasive and observer's independent documentation of forensically relevant findings, permanent data storage and excellent means of visualization. 27 There is a general lack of studies based on sex assignment and age estimation from the developing scapula. Therefore, the aim of this study was to analyze several growth variables in the scapula among a sample of the Egyptian population (from birth until 25 years of age), in order to evaluate their significance and capacity for age estimation and sex determination through application of the different offered postprocessed MDCT images with reconstructed 3D CT images being the highlight of the study.
Comparing this study's results with other published data is beneficial to assess population variation in bone maturity, by identifying differences or similarities in the timings of full development of bone. 28 In the study conducted by Rissech et al. 13 on the scapula from documented skeletal material, the age of the sample extended only until 19 years of age, hence, it was impossible to predict the timing of growth cessation. To overcome this problem the age of the studied individuals has been extended to include the age of 25 years in the current work. The subjects were classified into age groups of 2 year interval except for the last group (3 year interval) for better analysis.
In the present study, the growth of all variables continues until 25 years of age in both sexes, this supports the opinion that the flat bones (innominate bone) cease their growth later than the long bones. 29 A very strong positive correlation was detected in the present study between age and glenoid index, glenoid cavity breadth, scapular (breadth and length), maximum acromion breadth and the maximum length of the glenoid mass. This denotes that the size of these variables increased obviously with age.
A dramatic increase in linear growth velocity, often referred to as the pubertal growth spurt, is a central feature of pubertal development. Currently, the prevalent growth of the scapula was noted at the age of 10 and continuing until 18 years.
The growth pattern of the studied variables was represented by first-degree polynomial in both sexes. The obtained curves have a good fit and there is not a great deal of scatter.
Skeletal growth is a complex process that comprises a biological phenomenon defined by hormones, whose function depends primarily on genes and secondarily on environmental influence, such as nutrition, differences in the occupational stresses exposure, physical exercise and access to medical care. 30 The major determinant of linear growth is genetic predisposition. Both adult final height and the rate of growth are significantly influenced by genetic factors. However, recently the effect of physical activity and fitness on linear growth, especially among teenagers, has become a topic of interest. 31 A wide range of normal exists for the growth velocity, it also depends on which percentile a child is growing. 30 Puberty is a dynamic period of development with rapid changes in body size, shape, and composition. The onset of puberty corresponds to a specific biological age, as determined by skeletal maturation. Puberty has a key role in bone development. Skeletal mass approximately doubles at the end of adolescence. 32 In addition, bone mineralization increases with age, height, and weight throughout childhood, with a significant gain during pubertal development. The factors that contribute to the pubertal increase in bone mass are not fully known, but a crucial role belongs to the sex steroids. Several studies stated that under the influence of testosterone, males have a significant increase in the growth of bone and muscle with a simultaneous loss of fat in the limbs. The maximal loss of fat and increase in muscle mass in the upper arms correspond to the time of peak height velocity. Differential growth of the shoulder girdles (consisting of the scapula and the clavicle with a variety of muscles, which help to rotate, move and flex the humerus) as well as the hips and differences in lean tissue accrual between males and females are also prominent. 33, 34 The border of the scapula gives attachment to a variety of muscles. The increase in the thickness of the lateral scapular border with age is related to the growth in muscle bulks and development.
Age estimation
Concerning age prediction in sub-adult group, the present study showed that the accuracy of regression equations using the scapular index, thickness of the lateral border and the maximum length of the glenoid mass solely were 71.2%, 66.3% and 65.2%, respectively.
The variability expressed in the current work is 86% for the maximum length of the glenoid mass, as similarly reported by Rissech et al. 13 . However, the expressed variability for the maximum length of the spine was 83% and 84% for the maximum scapular length, these results were slightly lower than those of Rissech et al.'s 13 2007 study. Different accuracies in researches could be attributed to the different methodological approaches (osteometric or radiological), racial and environmental factors or variation in sample size.
For age estimation in adult males, several regression equations were developed using all the variables. However, the thickness of the lateral border, maximum length of the glenoid mass and the suprascapular height yield the highest accuracies of 66.3%, 65.2% and 65%, respectively while in adult females, the glenoid cavity width, maximum length of the glenoid mass and the maximum acromion width gives the highest equations accuracies (84%, 81.6% and 80.9%, respectively). One surprising finding is that none of the variables in adult males appear in any equations with more than 80%.
The standard error of estimate SEE was calculated separately for each regression formula of the age estimation. The SEE tends to predict the deviation of estimated age from actual age. A low value of SEE is indicative of the greater reli- 
Sexual dimorphism
Statistically significant difference was detected between males and females in the age group less than 2 years of age as regards maximum length of the spine, maximum acromion width, supra and infrascapular height. The latter was also sexually significant in the age group 2 to <4 years. These findings support the fact that girls grow slightly faster than boys in that age, and that sexual dimorphism in many flat bones (the clavicle, pelvis, and the scapula) develops prior to adolescence, which is caused mainly by a difference in male and female growth rates. Moreover, these results make the variables useful for sex diagnosis in younger age.
In the age of childhood (4 to less than 12 years), no statistically significant differences were detected between both sexes regarding any of the variables selected. This could be elucidated by the fact that similar growth trajectories until the age of adolescence is expected since the functional requirements of both sexes are comparable prior to sexual maturation. 35 With the beginning of the growth spurt, the maximum scapular length as well as the glenoid cavity length showed significant sexual differences (age group 12-<14 years and 14 to <16 years), in addition to supra-infrascapular index in the later one.
Significant differences between the sexes appear after the cessation of growth in girls, as females reach maturity earlier than males, who benefit from a longer period of puberty. Most of the variables (the scapular length, breadth, maximum length of the spine, supra and infra scapular height, maximum length of the glenoid mass, thickness of the lateral border, as well as the glenoid, supra-infrascapular indices) were sexually dimorphic in the individuals aged from 16 to less than 20 years.
None of the selected variables showed any statistically significant differences between both sexes in the age group 20 to <22 years; this could be explained by the small number of males in this group.
For the older group (22-25 years old); statistically significant differences were detected between males and females regarding scapular length and breadth, maximum length of the spine and suprascapular height. This could be clarified by the fact that longitudinal measurements are affected by the final height of the subjects more than the vertical one. Some degree of further growth of the scapula including fusion of the coracoid process continues into adult life and is not constrained by epiphyseal fusion of any of the long bones of the body.
A study conducted by Rissech et al. 16 on flat bone (ilium), clarified that in the age group 0-4 years, girls have a higher mean value than boys do, but from the age of 5 years boys show higher mean values which is in accordance with the results of the current study.
From 4 years upward, the majority of the male values become greater than those of females, this might partially be the result of males being more active and doing extra physical labor, leading to better developed muscles and as the scapula serve as an attachment for a variety of muscles, its growth is almost entirely driven by muscular development and activity. 36 In addition, as puberty approaches, sexual dimorphism increases by differential hormone secretion which is reflected in the adolescent growth spurt. 37 From the results of the present study, the maximum scapular length, scapular breadth, maximum length of the spine, suprascapular, infrascapular heights, maximum length of the glenoid mass and two indices (supra-infrascapular and glenoid) are useful for adult sex determination. This partially coincides with Rissech et al. 13 , on the other hand he found that glenoid height and width were also sexually significant.
Moreover, the glenoid dimensions in Abd El Megid et al. 38 study showed that the differences between adult males and females were statistically significant, even though, the mean values for glenoid height and width are very close to those of the current study. In 2011 Macaluso 39 stated that the dimensions of the glenoid cavity were highly sexually dimorphic in adult black south Africans.
According to the data obtained from the current work, the absence of significant sexual differences from 2 years until 12 years of age, made it feasible to use the scapular variables to calculate a unisex juvenile model. Furthermore, the lack of sexual difference in any of the age groups regarding the glenoid cavity breadth and the scapular index specifies that these two variables are not useful for sexual determination, but they can be of use for age estimation in individuals of both known and unknown sex.
Conclusion
According to the observations, the following conclusions can be enumerated: Data of the present study approve the reliability of 3D MDCT as an innovative non-invasive reproducible technology for age estimation and sex determination particularly in cases where the remains of interest should not be tampered with. The present study developed regression equations specific for age estimation in the sub-adult and adult populations. These equations are representative of the modern Egyptian population with regard to the growth parameters; as the growth spurt and the cessation of growth of the variables measured. The application of the regression equations for age determination in sub-adult population has the benefit to be applied on unknown remains in the forensic context. The study has also generated information regarding the timing at which sexual dimorphism in scapular measurements are present, thus offering indications as to when the variables may be useful for sex determination.
Recommendations
Results are very encouraging hence, the following recommendations are proposed: Implementation of specific software in order to study the shape dimorphism of the scapula as well as the size dimorphism. Further research on growth and development of different skeletal elements is necessary in order to obtain better information for age estimation specifically in sub-adults population both in archeological and forensic contexts. Accurate and reliable modern imaging techniques as MDCT and MR should be integrated in the different aspects of forensic medicine. Studies on a larger sample with more age groups are needed to further confirm the results of the present study.
